Chlamydia trachomatis infections are the most prevalent bacterial sexually transmitted diseases worldwide (Gerbase et al. 1998) . Most chlamydial infections are asymptomatic both in men and women. However, if not treated properly they can lead to severe sequelae in women, such as pelvic inflammatory disease, ectopic pregnancy, and tubal infertility (Marrazzo & Stamm 1998) . Taking into account that chlamydiae are sensitive to antibiotics, it is crucial to have an accurate method for the diagnosis of infections.
Most amplification methods developed to detect C. trachomatis in urethral, cervical and urine specimens, have demonstrated to be more sensitive than cell culture or antigen detection methods (Black 1997 ). There are commercial methods currently available, such as AMPLICOR CT PCR, of Roche Molecular Systems which detects the amplification products using hybridization to an avidinhorseradish peroxidase (HRP) conjugate, or Digene signal amplification-based Hybrid Capture (HC) II CT-ID test system. Commercial methods have important advantages, but their cost make them unavailable for many laboratories. Several non-commercial amplification methods have been also described. Most of them consist of a single PCR whose products are analyzed by gel-based methods. Agarose gel electrophoresis with ethidium bromide staining is a simple and inexpensive detection method commonly used, but lacks on sensitivity due to the presence of inhibitors in clinical samples. Even in the absence of PCR inhibitors, a single PCR followed by ethidium bromide-stained gel electrophoresis may not be sensitive enough to detect DNA from a sample containing only a few elementary bodies (EB) of C. trachomatis. According to the formula proposed by Saiki et al. (1985) , the number of copies "P n " of the amplified sequence after "n" cycles of PCR is P n = P o (1+ E) n , where P o is the initial number of copies of the target sequence, and E is the efficiency of amplification ( 0 ≤ E ≤ 1). Assuming that approximately 25 ng of DNA are detectable in an ethidium bromide stained gel, which represents 10 11 copies of a 200 pb fragment; theoretical calculations demonstrate that, starting with 10 initial molecules of template, the global efficiency of the reaction after 35 cycles needs to be higher than 0.9 to generate a detectable product. Although this efficiency can be achieved in a research laboratory, it is not routinely accomplished in a clinical diagnostic laboratory, rendering the assay not suitable to be used with clinical samples (Schmidt 1997) . In order to have a sensitive assay for the detection of C. trachomatis to be routinely used in our laboratory, we designed a nested PCR based on the assay previously described by Mahony et al. (1992) . Nested PCR uses two pairs of oligonucleotides (KL5/KL6 and KL1/KL2) complementary to sequences of the C. trachomatis cryptic plasmid, and following two rounds of amplification generates a 241 bp final product (Fig. 1A) . Originally, the first reaction was prepared in a final volume of 50 µl containing 10 mM Tris (pH 9.0), 50 mM KCl, 3.5 mM MgCl 2 , 5 nmol each dNTP, 20 pmol each outer primer KL5 (5´-TTTGCCTTAACCCCACCATT-3´) and KL6 (5´-CGTCCTTCCTAAAAGAGCTA-3´) and 1.25 U Taq polymerase (Promega). After 35 cycles consisting of 1 min at 94ºC, 1 min at 55°C, and 1 min at 72°C and a final elongation step of 7 min at 72°C; 1 µl of the first PCR product was transferred to a second reaction tube with the same composition except for the primers. In this case, 20 pmol of inner primers KL1 (5´-TCCGGAGCGAGTTAC TAAGA-3´) and KL2 (5´-AATCAATGCCCGGGATTGGT-3´) were added to the reaction mix, and 35 new cycles were performed. The products were analyzed by agarose gel electophoresis stained with ethidium bromide.
As mentioned above, a critical problem for PCR-based diagnostic methods is the presence of inhibitors of the reaction in clinical samples which may lead to false nega- Fig. 1 : schematic localization of primers used. A: chlamydial specific primers used in the nested PCR. KL5 and KL6 were used in the first reaction and KL1 and KL2 in the second. After the 2nd round of PCR, samples containing chlamydial DNA generate an amplification product of 241 bp; B: primers used in the construction of the hybrid internal control. Four PCRs with primers PKL1/PKL2, KL1/KL2, KL3/KL4 and KL5/KL6 were performed sequencially to obtain a 396 bp hybrid DNA fragment, which was cloned in the pGEM-T vector rendering the control plasmid pPC396. KL5/KL6 and KL1/KL2 are the same primers used in the nested PCR, whereas KL3/KL4 and PKL1/PKL2 are hybrid primers used only in the hybrid internal control construction. pPC396 generates a nested PCR final product of 350 bp, which can be easily distinguished from the 241 bp chlamydial specific product in an ethidium bromide-stained agarose gel.
A B tive results (Persing 1993 , Verkooyen et al. 1996 . Addition of an amplifiable fragment of foreign DNA in the PCR as a hybrid internal control (HIC), is a simple strategy to identify specimens containing inhibitors (Pham et al. 1998 ).
We constructed a HIC, pPC396, which generates a 350 bp final amplification product by nested PCR. The construction was done using a pair of hybrid primers PKL1 (5´-CGAGTTACTAAGAGACGCCGTTTGG-3´); PKL2 (5´-CCCGGGATTGGTGTTTACGAAGGTT-3´) that contain sequences of the KL1 and KL2 primers flanking two primers that target sequences of a 335 bp lambda phage DNA fragment. The same rationale was followed in a second round using an other pair of hybrid primers KL3 (5´-CCCACCATTTTTCCGGAGCG-3´); KL4 (5´-GAGCT AAAAAAAATCAATGC-3´) to generate an heterologous fragment that was finally amplified by the external primers KL5/KL6 (Fig. 1B) . The 396 bp DNA fragment obtained was cloned in a pGEM-T vector (Promega), rendering pPC396. Plasmids containing the hybrid DNA were quantified, diluted and used as HIC by adding them to the first reaction tube of each nested PCR test. The sensitivity of nested PCR was determined using decreasing quantities of DNA purified from tittered C. trachomatis cultures (Fig. 2A) . The assay was able to detect DNA corresponding to one EB in the reaction mixture. However, the sensitivity under clinical test conditions could be lower due to PCR inhibitors not completely removed during the DNA purification. To explore this possibility, 10 cervical secretion samples found negative for C. trachomatis were pooled and 500 µl were spiked with 10 6 EB (Pannekoek et al. 2000) . Then, tenfold serial dilutions were made using the negative cervical secretion pool and total DNA was purified by treatment with proteinase K in the presence of detergent, followed by phenol/chloroform extraction and alcoholic precipitation (Maniatis et al. 1982) . DNA was resuspended in 50 µl of sterile water and 2 µl were used in each reaction. The resulting sensitivity in different experimental rounds in spiked samples ranged between 1 to 10 EB DNA per reaction ( Fig. 2B shows a typical result) .
Although nested PCR is superior both in sensitivity and specificity relative to a single PCR, it is also much more prone to contamination since the product of the first reaction needs to be transferred to a second tube. To avoid this problem a one-tube nested PCR assay was developed. First, we used the four oligonucleotides in a single reaction; however, the high sensitivity of the standard nested PCR was not attained. In a second attempt, a twostep one-tube nested assay was performed. In order to find the best conditions for the whole assay, we tested different concentrations for the components of each reaction, final volumes and numbers of amplification cycles. The results obtained suggested that high concentrations of oligonucleotides and dNTPs in the first reaction interfere with the second reaction leading to lower sensitivities (not shown). Optimal results were obtained with a first PCR in 30 µl of final volume, containing lower quantities of dNTPs (2.5 nmol each), KL5/KL6 oligonucleotides (6 pmol each) and cycled 25 times, followed by the addition of 50 µl of the second reaction mixture and 35 extra cycles. Twenty copies of pPC396 were added to the first reaction mixture. The sensitivity under these conditions was the same as that obtained for the two-tube nested PCR assay (Fig. 2C) . Although this method involves the opening of the tubes after the 1st PCR, which can lead to aerosol contamination, in our experience the major source of contamination was the pippeting of PCR product, and we eliminated contaminations with this two-step, one-tube nested PCR. In all the sensitivity experiments, 20 copies of internal control plasmid pPC396, which yield a 350 bp final product, was added to the first reaction. The amount of internal control added into the reaction tube, was previously optimized in order to generate the expected amplification product without inhibiting the amplification of the chlamydial specific product by competition (data not shown).
Finally, in order to determine if our reaction was suitable as a general assay for determination of C. trachomatis, the same experiments using other clinical specimens were performed. The sensitivity test was found to be similar with urine, urethral swabs, nasopharyngeal aspirates, and ocular swabs (not shown). All samples were processed as described earlier. Moreover, the performance was independent of operators, Taq polymerase provider or thermal cyclers used.
In conclusion, we report here a one-tube nested PCR assay for detection of C. trachomatis in clinical samples that (i) is highly sensitive, being able to detect less than 10 EB per reaction in different biological samples; (ii) allows the detection of false negative results, by using an internal control of amplification; (iii) is robust enough to deal with the changing conditions found in different clinical laboratories. ) . In all lanes, 20 copies of pPC396 control plasmid were added to the first reaction tube. A: results of two-tubes nested PCR with DNA from purified EBs; B: two-tubes nested PCR with EBs spiked in cervical fluids; C: one-tube nested PCR with EBs spiked in cervical fluids. DNA from EBs or spiked samples were purified according to standard procedures (Maniatis et al. 1982) .
